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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent trouble of thermal stress when 
a wafer is held by a boat 

SOLUTION: A wafer holder 50 comprises an annular first holder 51 
composed of silicon carbide, and an annular second holder 52 
composed of quartz and mounted on the first holder 51 . A wafer W is 
mounted on the second holder 52 and held in place, and then the fringe 
part of the first holder 51 is inserted into the holding groove 25 of a boat 
21 and fixed to the boat 21 . Under that state, the boat 21 is carried into 
a processing chamber 14 and the wafer W is heat-treated at 1200*^C or 
above. Slits 53 and 54 are made in respective holders 51 and 52. Since 
the wafer can be held by the wafer holder even under high temperature 
while preventing seizure of the wafer to the first holder made of silicon 
carbide, thermal deformation of the second holder, and slip, damage 
and warp of the wafer, heat treatment temperature can be set at a high 
level. 
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♦ NOTICES * 



JPO and NCZPI are no^ responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate processor characterized by performing processing to this substrate where a substrate is laid on said second 
holder which is equipped with the first holder of the circular ring configuration which consists of carbonization silicon or silicon, and 
the second holder of the circular ring configuration which consists of a quartz, and was laid on said first holder. 
[Claim 2] The substrate processor according to claim 1 characterized by establishing the slit which extends on the normal of a radius 
in said first holder and said second holder, respectively. 

[Claim 3] The width of face of the hoop direction of said slit is a substrate processor according to claim 1 or 2 characterized by being 
set as 2-5mm. 

[Claim 4] The manufacture approach of the semiconductor device characterized by having the first holder of the circular ring 
configuration which consists of carbonization silicon or silicon, and the second holder of the circular ring configuration which consists 
of a quartz, and having the process at which processing is performed to this substrate where a substrate is laid on said second holder 
laid on said first holder. 



[Translation done.] 



* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is used for the thermal treatment equipment (furnace) used for the senu-conductor 
wafer (henceforth a wafer) with which the maintenance technique of a processed substrate is started, for example, semiconductor 
integrated circuit equipment (henceforth IC) is made by heat treatment of a reflow for oxidation treatment, diffusion process and not 
only diffusion but the carrier activation after ion implantation, or flattening, annealing, etc. about the manufacture approach of a 
substrate processor and a semiconductor device, and relates to an effective technique. 
[0002] 

[Description of the Prior Art] The batch type end-fire zuray hot wall form thermal treatment equipment (henceforth a hot wall form 
thermal treatment equipment) is widely used for heat treatment of oxidation treatment, diffusion process, etc. in the manufacture 
approach of IC. The process tube which the hot wall form thermal treatment equipment consisted of outer tubes which enclose the 
inner tube which forms the processing room where a wafer is carried in, and this irmer tube, and was installed in end-fire array. It has 
the heater which is laid by tiie exterior of a process tube and heats the inside of a process tube. Two or more wafers are carried in from 
the throat of a lower limit in an inner tube in the condition of having aligned for a long time and having been held by the boat, and by 
heating the processing interior of a room at a heater, it is constituted so that heat treatment may be performed to a wafer. 
[0003] Generally in such a hot wall form thermal treatment equipment, the boat holding two or more wafers by the upper and lower 
sides The end plate of a pair, It was allotted at equal intervals by three attachment components which were constructed between both- 
ends plates and arranged perpendicularly, and three attachment components at the longitudinal direction, and has the retention groove 
of a large number engraved so that it might counter mutually and opening might be carried out. By inserting a wafer among three 
retention groove of an attachment component, it is constituted so that two or more wafers may be aligned in the condition of having 
arranged the core horizontally and mutually and may be held. 

[0004] However, in the boat of such a configuration, since the total weight of a wafer will be supported only by three retention groove, 

when heat stress joins a wafer rapidly, it has the trouble that a crystal defect (slip) occurs from the relation between the tensile stress * ' ; r- • = 

between the contact surfaces of a waSfer and the retention groove, or self-weight stress, or a wafer curves. 

[0005] As a technique for solving this trouble, the following wafer holders (henceforth a wafer holder) are indicated by Jdpan Patent 

OfHce public presentation patent official report JP,7-4569 1 ,A. This wafer holder is formed in the circular ring configuration which 

carbonization silicon (SiC) is used and lays the periphery of a wafer, when this wafer holder distributes and supports the total weight "u= - : i ii' ' [ . 

of a wafer over the perimeter, mitigated the burden of the gravity which acts at a supporting point with flie wafer holder of a wafer, > -.^'a^t thf* .rer-T* !" 

and has prevented a slip of a wafer, and generating of damage and curvature. Incidentally, in order to make a wafer removable to a. T'^-c^ 'c aLe 1 

wafer holder in the condition [ having equipped the retention groove of a boat with the wafer holder ], the technique of establishing the! > Tf-tr ccvvJ! ; : 

notch which escapes a wafer adsorption plate (TSUIZ A) to a wafer holder is also indicated by this official report. 

[0006] Moreover, in order to make into homogeneity thickness of the CVD film formed in a wafer, the following wafer holders are 

indicated by Japan Patent Office public presentation utility model official report JP,63-177035,U. This wafer holder is equipped with 

the body of a holder which the quartz (Si02) was used and was formed in the shape of a disk type, and the attachment component to 

which it was formed in the horseshoe-shaped plate configuration, and the wafer migration prevention projection protruded on the top 

face, and it is constituted so that a wafer may be carried in the condition prevent migration by wafer migration prevention projection 

and it may hold on the attachment component laid on the body of a holder. Since the flow of raw gas becomes homogeneity by not 

preparing the level difference in an attachment component according to this wafer holder, the CVD film formed in a wafer can be 

formed to homogeneity over the whole. 

[0007] 

[Problem(s) to be Solved by the Invention] However, in the wafer holder formed in the circular ring configuration which carbonization 
silicon is used and lays the periphery of a wafer, since a wafer was soon laid in a wafer holder, it changed into the condition that the 
contact surface of a wafer and a wafer holder was burned, and it was shown clearly by this invention person that there was a trouble 
that a slip will be generated as a result, according to deformation of a wafer further. 

[0008] Moreover, in the wafer holder equipped with the body of a holder of the shape of a disk type made from a quartz, and the 
horseshoe-shaped attachment component, it was shown clearly by this invention person under the elevated temperature 1200 degrees 
C or more that there was a trouble of deforming so that the body of a holder made from a quartz may become soft and hang down. 
[0009] Furthermore, in the wafer holder and the horseshoe-shaped attachment component by which the notch which escapes TSUIZA 
was established, since the temperature of a wafer falls in a notch part with large clearance width of face, there is a trouble that 
thickness distribution of the CVD film which the homogeneity of the temperature distribution of a wafer fell, consequently was 
formed in the wafer will become an ununiformity. 

[0010] The purpose of this invention solves these troubles of a Prior art, and is to offer the manufacture approach of of the substrate 

processor and semiconductor device which can prevent the failure by heat stress. 

[0011] 

[Means for Solving the Problem] The substrate processor conceming this invention is equipped with the first holder of the circular ring 
configuration which consists of carbonization silicon or silicon, and the second holder of the circular ring configuration which consists 
of a quartz, and where a substrate is laid on said second holder laid on said first holder, it is characterized by performing processing to 
this substrate. 

[0012] According to the above mentioned means, since a substrate is laid on the second holder made from a quartz, even if it is under 
an elevated temperature, the seizure phenomenon of a substrate and the second holder is not generated. On the other hand, since it will 



be supported from the bottom by being laid on the first holder by the second holder made from a quartz, even if it is under an elevated 
temperature, it does not deform. Since a substrate can float a pressure-from-below pin from the second holder by making the bore 
circles of the circular ring configuration of the first holder and the second holder insert in, a substrate can be easily detached 
[ incidentally, ] and attached to the second holder. 
[0013] 

[Embodiment of the Invention] Hereafter, it is based on a drawing and the gestalt of 1 operation of this invention is explained. 
[0014] In the gestalt of this operation, the substrate processor concerning this invention It is constituted as a hot wall form thermal 
treatment equipment (batch type end-fire array hot wall form thermal treatment equipment) which carries out 1 250 degrees C - 1 350 
degrees C hot heat treatment processes, such as annealing in the manufacture approach of IC, as shown in drawing 1 - drawing 3 . This 
hot wall form thermal treatment equipment is a batch type thermal treatment equipment (it is hereafter called a small batch type 
thermal treatment equipment.) with which the number of sheets of one batch processing deals with the small batch of about 50 or less 
' sheets. It is constituted by carrying out. It is constituted as what deals with a wafer as a substrate, and this small batch type thermal 
treatment equipment is FOUP (front opening unified pod.) as a carrier for substrates. Hereafter, it is called a pod. It is constituted as 
what is dealt with. In addition, in the following explanation, front and rear, right and left is based on drawing 1 . That is, a before side 
considers [ the pod opener 8 side ] as right-hand side, and left-hand side and its opposite side consider [ the opposite side / the after 
and clean unit 4 side ]. 

[0015] The small batch type thermal treatment equipment 1 is equipped with the case 2 built in the shape of [ of an abbreviation 
rectangular parallelepiped ] a cube type, and the process tube 1 1 is installed in the upper part of the back end section of a case 2 so that 
a center line may become perpendicular, as shown in drawing 1 and drawing 2 . The process tube 1 1 consists of an inner tube 12 and 
an outer tube 13, a quartz or carbonization silicon (SiC) is used, an inner tube 12 is really fabricated in the shape of a cylindrical shape, 
a quartz is used and the outer tube 1 3 is really fabricated in the shape of a cylindrical shape as shown in drawing 3 . The inner tube 1 2 
is formed in the shape of [ in which vertical both ends carried out opening ] a cylindrical shap>e, and the cylinder centrum of an inner 
tube 12 forms substantially the processing room 14 where two or more wafers held at the condition of having aligned for a long time 
by the boat are carried in. Lower limit opening of an inner tube 12 constitutes substantially the throat 1 5 for taking a wafer in and out. 
Therefore, the bore of an inner tube 12 is set up so that it may become larger than the maximum outer diameter (for example, 300mm) 
of the wafer to deal with. 

[0016] The bore is formed in the shape of [ in which upper limit blockaded more greatly than the outer diameter of an inner tube 12, 
and the lower limit carried out opening ] a cylindrical shape, and the outer tube 13 is put on the concentric circle so that the outside 
may be surrounded in an inner tube 12. The hermetic seal of the lower limit section between an inner tube 12 and an outer tube 13 is 
carried out by the manifold 16 built in the shape of [ multistage ] a cylindrical shape, and the manifold 16 is attached in the inner tube 
12 and the outer tube 13 respectively free [ attachment and detachment ] for exchange of an irmer tube 12 and an outer tube 13 etc. 
When a manifold 1 6 is supported by the machine frame 30 of a hot wall form thermal treatment equipment, it will be perpendicularly 
installed by the process tube 1 1 . 

[0017] The exhaust pipe 1 7 is cormected to the upper part of the side attachment wall of a manifold 16, it can connect with an 
exhauster (not shown) and an exhaust pipe 17 can exhaust the processing room 14 as shown in drawing 4 . It will be open for free 
passage of the exhaust pipe 17 in the clearance formed between the inner tube 12 and the outer tube 13, and the cross-section 
configuration is constituted for the exhaust air way 1 8 by the clearance between an inner tube 12 and an outer tube 13 at the circular 
ring configuration of constant width. Since the exhaust pipe 1 7 is connected to the manifold 1 6, the exhaust pipe 1 7 is in the condition 
of having been arranged at the lowest edge of the exhaust air way 18 which the cylindrical shape-like hollow object was formed and 
extended perpendicularly. 

[0018] Moreover, it connects with the lower part of the side attachment wall of a manifold 16 so that the gas installation tubing 19 may 
be open for free passage to the throat. 15 of ^an inner tube 12, and it connects with the gas installation tubing 19 at the material gas 
feeder and the carrier gas feeder (neither, is illustrated). The gas introduced into the throat 15 with the gas installation tubing 19 
circulates the inside of the processing room 14 of an inner tube 12, and is exhausted by the exhaust pipe 17 through the exhaust air 
way 18. 

[0019] The seal cap 20 which blockades lower limit opening is contacted by the manifold 16 from the perpendicular direction bottonx 
A seal cap 20 is in the outer diameter of a manifold 16, abbreviation, etc. by carrying out, is formed in the disk configuration, and it is 
constituted so thai it may go up and down perpendicularly in the elevator furnished at right angles to the exterior of the process tube 
1 1. On the center line of a seal cap 20, a boat 21 is based perpendicularly and supported. 

[0020] It is engraved so that may have three attachment components 24 the boat 21 was constructed by the upper and lower sides 
between the end plates 22 and 23 of a pair, and the both-ends plates 22 and 23 as shown in drawing 2 - drawing 4 , and were arranged 
perpendicularly, many retention groove 25 may be allotted to three attachment con^onents 24 at equal intervals by the longitudinal 
direction, it may counter mutually and opening may be carried out. Between the retention groove 25 of three attachment components 
24 of a boat 21, a periphery is inserted outside the wafer holder 50 which carries out a postscript, respectively, and when an outside 
periphery is inserted by three retention groove 25, it was made to align in the condition of having arranged the core horizontally and 
mutually, and will be held by the wafer holder 50 of each stage. Between the boat 2 1 and the seal cap 20, the heat insulation seal cap 
section 26 by which the heat insulator 27 was enclosed with the interior is arranged, and by supporting in the condition of having lifted 
the boat 21 from the top face of a seal cap 20, the heat insulation seal cap section 26 is constituted so that only a suitable distance may 
make the lower limit of a boat 21 estrange from the location of a throat 15. 

[0021] On the whole, the outside of the process tube 1 1 is covered with the insulation cover 31, and it is furnished to the concentric 
circle so that the heater 32 which heats the interior of the process tube 1 1 may surround the perimeter of an outer tube 13 inside an 
insulation cover 3 1, as shown in drawing 3 . The insulation cover 3 1 and the heater 32 are perpendicularly installed, when supported 
by the machine frame 30 of a hot wall form thermal treatment equipment The half-a-sum rate of the heater 32 is carried out to order 
from the bottom at first heater section 32a, second heater section 32b, third heater section 32c, the 32d of the fourth heater sections, 
and fifth heater section 32e, and these heater sections 32a-32e are constituted so that sequence control may be mutually cooperated and 
carried out independently by the temperature controller 33. 

[0022] Moreover, each heater thermocouples 34a, 34b, 34c, 34d, and 34e are installed in each heater sections 32a-32e, respectively, 
and, as for each heater thermocouples 34a-34e, a measurement result is transmitted to a temperature controller 33, respectively. And a 
temperature controller 33 carries out feedback control of each heater sections 32a-32e with the measurement temperature from each 
heater thermocouples 34a-34e. That is, a temperature controller 33 performs feedback control which makes an error cancel, when the 
error of the target temperature of each heater sections 32a-32e and die measurement temperature of each heater thermocouples 34a-34e 
is searched for and it is with error. 

[0023] Furthermore, in the vertical direction, the cascade thermocouple 35 penetrates to a seal cap 20, and is supported, and it will be 



laid by the insertion edge of the cascade thermocouple 35 near the inner circumference of an inner tube 12. The five thermocouple 
sections 35a, 35b, 35c, 35d, and 35e are set to the cascade thermocouple 35, and each thermocouple sections 35a-35e are arranged so 
that each heater sections 32a-32e may be countered in the interior of an inner tube 12, respectively. Each thermocouple sections 35a- 
35e transmit a measurement result to a temperature controller 33, respectively, and a temperature controller 33 carries out feedback 
control of each heater sections 32a-32e with the measurement temperature from each thermocouple sections 35a-35e. That is, a 
temperature controller 33 performs feedback control which makes an error cancel, when the error of the target temperature of each 
heater sections 32a-32e and the measurement temperature of each thermocouple sections 35a-35e is searched for and it is with error. 
[0024] Between the insulation cover 3 1 and the process tube 1 1 , the cooling air passage 41 for circulating cooling air 40 is formed so 
that the process tube 1 1 may be surrounded on the whole, as shown in drawing 3 . The feed pipe 42 which supplies cooling air 40 to 
the cooling air passage 41 is connected to the lower limit section of an insulation cover 31, and the cooling air 40 supplied to the feed 
pipe 42 is diffused in the perimeter of the cooling air passage 41. In the center section of the head-lining wall of an insulation cover 31, 
the exhaust port 43 which discharges cooling air 40 from the cooling air passage 41 is established, and the exhaust air way 44 is 
connected to the exhaust port 43. The first damper 45, the water-cooled radiator 46, the second damper 47, and Blois 48 are interposed 
in the exhaust air way 44. 

[0025] Since the retention groove 25 of each stage of a boat 21 is equipped with the wafer holder 50 concerning the gestalt of this 
operation, the number of groups corresponding to the number of stages of the retention groove 25 of a boat 21 is prepared beforehand 
at least. The wafer holder 50 of a lot consists of the first holder 51 which carbonization silicon was used and was formed in the 
monotonous configuration of a circular ring form, and the second holder 52 which the quartz was used and was formed in the 
monotonous configuration of a circular ring form as shown in drawing 5 . The bore of tiie first holder 5 1 and the second holder 52 is 
mutually equal, and is set below to the outer diameter of Wafer W. It is established, respectively so that the first slit 53 and the second 
slit 54 may extend on the normal of a radius in the first holder 51 and the second holder 52 and it may divide to a hoop direction, and 
the width of face of the hoop direction of the first slit 53 and the second slit 54 is set as 2-5mm so that the thermal expansion of the 
first holder 5 1 and the second holder 52 may be absorbed, respectively. 

[0026] The outer diameter of the first holder 51 is set up more smallish only a little rather than the circular diameter which three 
retention groove 25 of a boat 21 constitutes. The locating hole 55 for positioning the second holder 52 is ****(ed) by the concentric 
circle, and tfie depth of a locating hole 55 is set to the top face of the first holder 51 smaller than the board thickness of the second 
holder 52. The outer diameter of the second holder 52 is set up more smallish only a little rather than the bore of a locating hole 55 so 
that it can insert in a locating hole 55. On two or more (it sets in the gestalt of this operation and is four), and a concentric circle, the 
locating lug 56 which is engaged from an outside and positioned on the periphery of Wafer W is arranged at equal intervals in a hoop 
direction, and protrudes perpendicularly on the top face of the second holder 52, and the radius of the concentric circle by which two 
or more locatings lug 56 have been arranged is more greatly set up only a little rather than the radius of Wafer W. 
[0027] The boat elevator 3 constituted by feed screw equipment etc. is installed in the lower part of the back end section of a case 2, 
and the boat elevator 3 is constituted so that you may make it go up and down the seal cap 20 which supported the process tube 1 1 
perpendicularly, as shown in drawing 1 and drawing 2 . 

[0028] Loading (charging) and the wafer transfer equipment 60 which carries out discharging (De Dis charging) are installed in the 
before side field in a case 2 in Wafer W to the boat 21 as shown in drawing 1 and drawing 2 . The wafer transfer equipment 60 is 
equipped with the rotary actuator 61, and the rotary actuator 61 is constituted so that the first linear actuator 62 installed in the top face 
may be rotated in a horizontal plane. The second linear actuator 63 is installed in the top face of the first linear actuator 62, and the 
first linear actuator 62 is constituted so that horizontal migration of the second linear actuator 63 may be carried out. The movable 
carriage 64 is installed in the top face of the second linear actuator 63, and the second linear actuator 63 is constituted so that 
horizontal migration of the movable carriage 64 may be carried outj^TSUIZA 65 which supports Wafer W from the bottom is arranged 
at two or more sheets (it sets in the gestalt of this operation and they. are.Tive sheets), and regular intervals, and is horizontally attached 
in the movable carriage 64. The wafer transfer equipment 60. goes, up:and dowri"in the elevator 66 constituted by the feed screw device. 

[0029] In addition, the clean unit 4 which blows off clean air is installed in the left-hand side wall in the posterior part in a case 2 so 
that clean air may be sprayed on a boat 21, as shown in drawing 1 and drawing 2 . Moreover, the wafer stocker 5 constituted like the 
boat 21 is installed in the lefr-hand side approach in the center section in a case 2, and, as for the wafer stocker 5, two or more side 
dummy wafers are kept 

[0030] The wafer carrying-in taking-out opening 7 for carrying out carrying-in taking out of the wafer W to a case 2 is established 
rather than the center of the forward surface wall of a case 2 in the location of some rightist inclinations, and the pod opener 8 is 
installed in the wafer carrying-in taking-out opening 7 as shown in drawing 1 and drawing 2 . The pod opener 8 is equipped with 
installation base 8a which lays Pod P, and seal cap attachment-and-detachment device 8b which detach and attach the seal cap of the 
pod P laid in installation base 8a, and opens and closes wafer receipts-and-payments opening of Pod P by detaching and attaching the 
seal cap of the pod P laid in installation base 8a by seal cap attachment-and-detachment device 8b. 

[0031] First pod stage 9A and second pod stage 9B which lay Pod P adjoin installation base 8a, respectively, and are installed in **** 
and the right flank of installation base 8a of the pod opener 8. It is supplied and discharged by the transport device within a process [an 
owner orbital automatic guided vehicle (RGV) with a transfer equipment, an automatic guided vehicle (AGV) with a transfer 
equipment, an owner man conveyance truck (PGV) with a manual transfer equipment, etc.] which Pod P does not illustrate to first pod 
stage 9A and second pod stage 9B. 

[0032] In addition, although not illustrated, the pod transport device which conveys Pod P where the handle is grasped (clamping) is 
fixmished above installation base 8a of the pod opener 8, first pod stage 9A, and second pod stage 9B between the pod opener 8, first 
pod stage 9A, and second pod stage 9B. 

[0033] In the gestalt of this operation, the wafer attachment-and-detachment equipment 70 for detaching and attaching Wafer W to the 
wafer holder 50 is installed in **** of the wafer transfer equipment 60 in a case 2. Only the number of sheets and same number stage 
(it sets in the gestalt of this operation and they are five steps) of TSU12A 65 of the wafer transfer equipment 60 are equipped with 
wafer ♦*or****71 wafer attachment-and-detachment equipment 70 is indicated to be to drawing 6 , and spacing of wafer ** of each 
stage or **** 71 spreads spacing of up-and-down TSUIZA 65 and 65, i.e., spacing of the retention groove 25 and 25 of the upper and 
lower sides of a boat 21, abbreviation, etc., and is set up. 

[0034] One step of wafer *♦ or ♦*♦♦ 71 is equipped with the attachment plate 72, and the attachment plate 72 is horizontally supported 
as shown in drawing 6 . On two or more (it sets in the gestalt of this operation and is four), and a concentric circle, the support pin 73 
for supporting the wafer holder 50 is arranged at equal intervals in a hoop direction, and protrudes perpendicularly at the border 
section in the top face of the attachment plate 72, and the diameter of the concentric circle by which two or more support pins 73 have 
been arranged is set up more greatly [ it is smaller than the outer diameter of the wafer holder 50, and ] than the width of face of 



TSUIZA 65. The height of two or more support pins 73 is mutually set up equally so that the wafer holder 50 may be supported 
horizontally. On two or more (it sets in the gestalt of this operation and is three), and a concentric circle, the pressure-from-below pin 
74 for thrusting up Wafer W from the bottom is arranged at equal intervals in a hoop direction, and protrudes perpendicularly in the 
pars intermedia in the top face of the attachment plate 72, and the diameter of the concentric circle by which two or more pressure- 
from-below pins 74 have been arranged is set up more greatly [ it is smaller than the bore of the wafer holder 50, and ] than the 
diameter of Wafer W. The height of two or more pressure-from-below pins 74 is set up more highly than the support pin 73 while 
being mutually set up equally so that Wafer W may be supported horizontally. 

[0035] Next, by explaining an operation of the batch type thermal treatment equipment concerning said configuration explains the 
annealing process in the manufacture approach of IC which is the gestalt of 1 operation of this invention. 

[0036] Wafer W is in the condition held as shown in the wafer holder 50 at drawing 5 (b) and (c), and a boat 21 is loaded with it by 
inserting the periphery border section of the first holder 5 1 of the wafer holder 50 in the retention groove 25 of the attachment 
component 24 of a boat 21 as shown in drawing 3 and drawing 4 (charging). The boat 21 which carried out alignment maintenance of 
two or more wafers W is given by the boat elevator 3, from the throat 15 of an inner tube 1 2, it is carried in to the processing room 14 
(loading), goes [ it is laid on a seal cap 20 in the condition that the direction where the wafer W group was located in a line becomes 
perpendicular, and ], and is maintained in the condition [ being supported by the seal cap 20 ] at the processing room 14. 
[0037] While the interior of the process tube 1 1 is exhausted by the exhaust pipe 1 7, the interior of the process tube 1 1 is heated by the 
target temperature (for example, 1250 degrees C - 1350 degrees C) of the sequence control of a temperature controller 33 by each 
heater sections 32a-32e of a heater 32, Under the present circumstances, the error of whenever [ actual stoving temperature / of each 
heater sections 32a-32e of a heater 32 ], (output) and the target temperature of sequence control is amended by the feedback control 
based on an each heater thermocouples [ 34a-34d ] measurement result. Moreover, the error of the rise temperature of the actual 
condition inside the process tube 1 1 by heating of each heater sections 32a-32e and the target temperature of the sequence control of 
each heater sections 32a-32e is amended by the feedback control based on the measurement result of each thermocouple sections 35a- 
35e of the cascade thermocouple 35. 

[0038] If the heat treatment time amount which heat treatment by the above temperature control was carried out, and was set up 
beforehand passes, while heating of a heater 32 will be suspended by the sequence control of a temperature controller 33, cooling air 
40 circulates the cooling air passage 41 . That is, cooling air 40 is exhausted from an exhaust port 43 by the exhaust air force by the 
exhaust air way 44 while it is supplied from a feed pipe 42. By contacting the outer tube 13 of the process tube 11, and taking heat, 
cooling air 40 cools the interior of the process tube 1 1 compulsorily, while circulating the cooling air passage 41. With forced cooling 
by this cooling air 40, compared with the case of natural air cooling, the temperature inside the process tube 1 1 descends quickly, and 
goes. 

[0039] If the decay time which the temperature inside the process tube 1 1 descended as mentioned above, went, and was set up 
beforehand passes, while a seal cap 20 will descend and opening of the throat 15 will be carried out, where a wafer W group 
[ finishing / processing ] is held through the wafer holder 50 at a boat 21 , it is taken out from a throat 1 5 to the exterior of the process 
tube 1 1 (unloading). 

[0040] By the way, if it heat-treats at the elevated temperatures above 1250 degrees C, or temperature goes up and down rapidly and 
heat stress is rapidly added when the total weight of Wafer W has received in the a small number of part as mentioned above, a slip 
will be generated to a wafer from the relation between the tensile stress by fiiction between the contact surfaces of a wafer and the 
retention groove, or self-weight stress, or a wafer will curve. 

[0041] However, in the gestalt of this operation, since the burden which acts relatively is distributed by Wafer W from three retention 
groove 25 at the perimeter by supporting the weight of Wafer W in the perimeter by the wafer holder 50, the tensile stress and self- 
weight stress by friction between the contact surfaces will be reduced, and a slip-of Wafeti^^aiidfgenerating of damage and curvature 
will be prevented. -i - , 

[0042] Moreover, by being laid in the second holder 52 made from a quartz with AVhich WaferrW. was laid in the first holder 51 made 
from carbonization silicon, and being held Since rapid rise and fall of the temperature in the processing room 14 are faced and the 
homogeneous fall of the temperature distribution within the field of Wafer W can be prevented, the tensile stress and compressive 
stress by friction between the contact surfaces can be reduced, and a slip of Wafer W and generating of damage and curvature can be 
prevented. Hiat is, when the first holder 5 1 made from carbonization silicon holds Wafer W, in order for Wafer W to get warm from 
the rim section at the time of a rapid temperature up and to cany out a temperature up more quickly than the core of Wafer W, the 
temperature distribution of Wafer W become homogeneity. On the contrary, in order for Wafer W to get cold from the rim section at 
the time of a rapid temperature fall and to lower the temperature more quickly than the core of Wafer W, the temperature distribution 
of Wafer W become homogeneity. 

[0043] Furthermore, when the first slit 53 and the second slit 54 are established by the first holder 51 and the second holder 52 which 
constitute the wafer holder 50, respectively Since deformation of the first holder 5 1 and the second holder 52 accompanying thermal 
expansion and a heat shrink is suppressed by only expansion and contraction of a hoop direction by the first slit 53 and the second slit 
54, A slip of Wafer W and generating of damage and curvature can be prevented by being able to prevent deformation of wafer holder 
50 the very thing, and reducing the tensile stress and compressive stress by friction with the wafer holder 50 of Wafer W. 
[0044] And since the aperture width of the first slit 53 and the second slit 54 is set as 2-5mm, even if the first slit 53 and the second slit 
54 intervene between the contact surfaces with Wafer W, it can prevent that the homogeneity of the temperature distribution of Wafer 
W falls. By preventing the homogeneous fall of the temperature distribution of Wafer W, distribution of the processing situation of 
annealing of Wafer W can be processed to homogeneity over the whole. 

[0045] In addition, in the wearing condition to the boat 21 of the wafer holder 50, although the location of the first slit 53 has just 
avoided the attachment component 24 of a boat 21, i.e., the location of the retention groove 25, it is desirable to arrange to a before [ a 
boat 21 ] side (Wafer W receipts-and-payments-side). Moreover, in the condition that the first holder 51 and the second holder 52 
piled up, it is not necessary to adjust the first slit 53 and the second slit 54 of each other. 

[0046] Here, under an elevated temperature 1200 degrees C or more, since the second holder 52 of the wafer holder 50 is formed with 
the quartz, it may deform so that it may soften and hang down. However, since it will be supported from the bottom by being laid on 
the first holder 5 1 made from carbonization silicon by the second holder 52 made from a quartz, even if it is under an elevated 
temperature, it does not deform. Moreover, since a quartz has little frictional resistance to a wafer, the tensile stress and self-weight 
stress by friction between the contact surfaces of the second holder and a wafer can be reduced, it will have, and a slip of a wafer and 
generating of damage and curvature will be prevented. 

[0047] By the way, although it will be burned between Wafer W and the first holder 5 1 and a phenomenon will occur if the wafer W 
made from silicon is soon laid on the first holder 5 1 made from carbonization silicon In the gestalt of this operation, since Wafer W is 
laid on the second holder 52 made from a quartz and is supported by the first holder 5 1 made from carbonization silicon. Wafer W is 



bumed between the first holder 5 1 made from carbonization silicon, and it does not cause a phenomenon. Therefore, a descendant of 
the evil in which Wafer W will deform or a slip will be generated as a result according to the deformation will be prevented. 
[0048] On the other hand, discharging (De Dis charging) of the processed wafer W of the boat 21 taken out to the exterior of the 
process tube 1 1 is carried out from a boat 21 by the wafer transfer equipment 60 with the condition of having been held at the wafer 
holder 50, TSUIZA 65 of ******** and the wafer transfer equipment 60 is inserted under the wafer holder 50 of a boat 21 , then it 
goes up a little, and the wafer holder 50 is dipped up. Subsequently, TSUIZA 65 retreats and carries out discharging of the wafer W 
from a boat 21 together with the wafer holder 50. 

[0049] TSUIZA 65 which held Wafer W together with the wafer holder 50 descends, after being moved onto wafer ** of wafer 
attachment-and-detachment equipment 70, or **** 71, and it transfers the wafer holder 50 and Wafer W on wafer **or****71 as 
shown in drawin|g 6 (b), as shown in drawing 6 (a). That is, TSUIZA 65 delivers the wafer holder 50 on two or more support pins 73, 
after delivering Wafer W to two or more pressure-from-below pins 74 by descending between the support pin 73 and the pressure- 
from-below pin 74. Since the wafer W received and passed to the pressure-from-below pin 74 is thrust up more highly than the wafer 
holder 50 received and passed to the support pin 73, it will be captivated from the wafer holder 50. TSUIZA 65 which transferred 
Wafer W and the wafer holder 50 to wafer **or****71 retreats with the wafer transfer equipment 60, and is drawn out from wafer 
**or****71. 

[0050] TSUIZA 65 which retreated once moves forward again, after only the part of the thickness of the wafer holder 50 goes up with 
the wafer transfer equipment 60, and it is inserted between the wafer W of wafer **or****71, and the wafer holder 50. Then, wilh 
the wafer transfer equipment 60, TSUIZA 65 goes up a little and dips up Wafer W out of on the pressure-from-below pin 74. TSUIZA 
65 which dipped up Wafer W retreats with the wafer transfer equipment 60 to wafer *• or 71. 

[005 1] It is moved to the location of the pod opener 8 by the wafer transfer equipment 60, and TSUIZA 65 which received Wafer W 
from wafer ♦*or****71 as mentioned above inserts and transfers Wafer W to the pod P of the empty laid on installation base 8a of 
the pod opener 8. Henceforth, by repeating the actuation mentioned above, the processed wafer W group of a boat 21 is held in the pod 
P of the pod opener 8, and goes. 

[0052] According to die gestalt of said operation, the following effectiveness is acquired. 

[0053] 1) Since the perimeter can be made to distribute the burden of the self- weight which acts relatively [ wafer ] by heat-treating in 
support of a wafer with the wafer holder formed in the circular ring configuration, it can reduce and have the tensile stress and self- 
weight stress by friction between the contact surfaces, and a slip of a wafer and generating of damage and curvature can be prevented. 
[0054] 2) Since the homogeneous fall of the temperature distribution within a wafer side can be prevented even if it is the case with 
the temperature rapid by laying and holding a wafer to the second holder made from a quartz laid in the first holder made from 
carbonization silicon in a processing room where it goes up and descends, annealing treatment can be carried out so that distribution of 
the annealing treatment situation of a wafer may become homogeneity over the whole. 

[0055] 3) Since deformation of the first holder and the second holder can be prevented by establishing the first slit and the second slit 
to the first holder and the second holder, respectively, a slip of a wafer and generating of damage and curvature can be prevented, 
[0056] 4) Since it can prevent that the homogeneity of the temperature distribution of a wafer falls in the part of the first slit and the 
second slit by setting the aperture width of the first slit and the second slit as 2-5nim, it can process so that distribution of the 
processing situation of annealing of a wafer may become homogeneity over the whole. 

[0057] 5) Since it can prevent that the second holder made from a quartz can deform according to an elevated temperature by receiving 
the second holder made from a quartz with the first holder made from carbonization silicon, heat treatment temperature can be set up 
highly. . ; - 

[0058] 6) In order that the second holder made from a quartz with: little frictional resistance may contact a wafer by supporting a wafer 
with the first holder made from carbonization silicon through theisecond holder made from a quartz, It can reduce and have the tensile 
stress and self-weight stress by friction between the contactisurfaces^ and a slip of a wafer and generating of damage and curvature can 
be prevented. Moreover, since it can prevent that a wafer is burned between the first holder made from carbonization silicon, and a 
phenomenon occurs, a descendant of the evil in which a wafer will- deform .or a slip will be generated as a result according to the 
deformation can be prevented beforehand. 

[0059] 7) Since the bore of a ring can be inserted in and the wafer laid on the second holder by forming the first holder and the second 
holder in a circular ring configvuation can be thrust up by flie pressure-from-below pin, a wafer can be dipped up by TSUIZA of a 
wafer transfer equipment. 

[0060] in addition, it cannot be overemphasized that this invention is not limited to the gestalt of said operation, can boil many things 
in the range which does not deviate from the summary, and it can change. 

[0061] For example, the first holder may not be restricted for manufacturing using carbonization silicon, but may be manufactured 

using silicon, and may put and manufacture the silicon film on the front face of carbonization silicon. 

[0062] It may not restrict for adopting the approach of floating to a wafer holder and dipping up a wafer by TSUIZA as the 

attachment-and-detachment approach for the wafer holder of a wafer, but the approach of adsorbing a wafer and holding it with a 

vacuum or static electricity from the upper part etc. may be adopted. When the approach of adsorbing a wafer and holding it from the 

upper part is incidentally adopted, you may deal with it so that a wafer may be detached and attached to a wafer holder in the condition 

[ having equipped the boat with the wafer holder ]. That is, a wafer holder can be dealt with, equipping a boat. 

[0063] Heat treatment may be reflow processing for not only annealing treatment but oxidation treatment, diffusion process and not 

only diffusion but the carrier activation after ion implantation, or flattening, and may be heat treatment of membrane formation 

processing etc. further. Especially this invention demonstrates the effectiveness excellent in the bottom of an elevated temperature 

1200 degrees C or more. 

[0064] Processed substrates may be not only a wafer but a photo mask, a printed-circuit board, a liquid crystal panel, a compact disk, a 
magnetic disk, etc. 

[0065] This invention is applicable to a thermal treatment equipment at large [, such as not only a batch type end-fire array hot wall 
form thermal treatment equipment but a single-wafcr-processing hot wall form thermal treatment equipment, and an end-fire array hot 
wall form low pressure CVD system, ]. 
[0066] 

[Effect of the Invention] According to this invention, generating of the failure by heat stress can be prevented. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI aire not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] It is the flat-surface sectional view showing the small batch type thermal treatment equipment which is the gestalt of 1 

operation of this invention. 

[Drawing 2] It is the side-face sectional view. 

Prawing 3] It is the transverse-plane sectional view showing the part of the process tube. 
Prawing 4] It is the expanded sectional view showing the important section. 

Prawing 5] The wafer holder is shown and (a) is [ a cutting front view and (c of a part of decomposition perspective view and (b)) ] 
the expanded sectional views of an important section. 

Prawing 6] It is each perspective view showing wafer ** ©r *♦** of wafer attachment-and-detachment equipment, and (a) floats, a 
front is shown, and (b) floats and shows the back, 
pescription of Notations] 

W - A wafer (substrate), P - A pod, 1 - Smallness batch type thermal treatment equipment (batch type end-fire array hot wall form 
thermal treatment equipment), 2 [ ~ Wafer stocker, ] — A case, 3 ~ A boat elevator, 4 — A clean unit, 5 7 [ — Cap attachment-and- 
detachment device, ] - Wafer carrying-in taking-out opening, 8 ~ A pod opener, 8a — An installation base, 8b 9A ~ The first pod 
stage, 9B ~ The second pod stage, 1 1 — Process tube, 12 [ — Throat, ] — An inner tube, 13 - An outer tube, 14 — A processing room, 
15 16 [ - Gas installation tubing, ] - A manifold, 17 — An exhaust pipe, 1 8 - An exhaust air way, 19 20 [ - Attachment component, ] 
~ A seal cap, 21 — 22 A boat, 23 — An end plate, 24 25 [ — Machine fi'ame, ] — The retention groove, 26 — The heat insulation seal 
cap section, 27 - A heat insulator, 30 3 1 [ ~ Temperature controller, ] - An insulation cover, 32 - A heater, 32a-32e ~ The heater 
section, 33 34a-34e — A heater thermocouple, 35 — A cascade thermocouple, 35a-35e — Thermocouple section, 40 [ — Exhaust port, ] 
— Cooling air, 41 — A cooling air passage, 42 ~ A feed pipe, 43 44 [ - The second damper, ] — An exhaust air way, 45 — The first 
damper, 46 — A water-cooled radiator, 47 48 [ - The second holder, ] — Blois, 50 - A wafer holder, 51 — The first holder, 52 53 [ — 
Locating lug, ] — The first slit, 54 — The second slit, 55 — A locating hole, 56 60 - A wafer transfer equipment, 61 — A rotary 
actuator, 62 — The first linear actuator, 63 [ ~ An elevator, 70 / — Wafer attachment-and-detachment equipment, 71 / — Wafer **, 
***♦, 72 / — An attachment plate, 73 / ~ A support pin, 74 / — Pressure-from-below pin. ] — The second linear actuator, 64 — A 
movable carriage, 65 — TSUIZA, 66 
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[Drawing 5] 
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**x. f^i^%^i&'^\z\±^S:^^mm^'^^y^-\^ 

A V fPW^Sefr-r 5 J: o K^t o Xli * . 
to 0 2 4] 03JC^$nXV»«J:^t. »fSS*A*-3 

1 t:/D-fex^a-7'i 1 torp^frn?^ag3xz4 o*sK 

jS5-i*'^fe*<0?&axTa8S4 P'D-irXf^a.-y 
1 1 S^{*t65K^fflf Si'ptJgjBKSnxVi*, erjai^7 
A- 3 1 OTiigg5»:H}*aiXT4 0 *J^^X7il»4 1 
\zm^t^^'xM4, 2*<^iggSnx*3 S&a'g4 2 C 
#t*&$nfc?&33]XT 4 0 tt?&3g|JXT3iS4 1 CD^^tCiS 
SjT'Sfc^S-pXVi*. »fl»*A-3 1055#M«D'+' 

^![s»:(i?&aixr4 ■o«;!%^x7MiS4 1 A^e.#i:m-r^ 

g^^P4 3*t|l9i6SnX*J«3, *lf^P4 3lCtt#^ES4 
4*t«SESnXV»'5, fi^§IK4 4K:tt^-^^>A4 5. 
7K?ft5v'X-:5'4 6, ^-4^>A4 7;fej:0C:^D7 4 8 

[0 0 2 5] 2^3^^so^^Sll^^!^i>:7x/^fil^?^ 5 o kjH 

*j)*|s^3nxir»5. 0 5(;^$nxi»-s.«fc3fc. -ift© 
■:7XA«sj^a 5 0 u a >7ii«jffl $nxp3 u > 

^z:;h;k^^5 2®i*gS«2ir>fc^K, C^xaw 
<D^S{JiTf::SS3nxii5. ^— ^^UiS's 
x;Jn;I/^»'5 2 »:«||-X 'J y H 5 3 *5<fcr/^-X U y V 
5 4 7i<¥g®ffiilS±tw)gffiUX;25:&{n]li^®fr-5 J: ^ K 
^■n-rnraStStlX^D, |g-XiJ y hSS^iCXIgx 

X y K 5 4 (DJS5::^fS](D«f4a5-jh;p^^5 1 ^ioc^x 
5 2 O^J105Be-5-n-?n!36iR LfSSi 5 C 2 ~ 5 
mmtg8;S^tlXV»S, 

[0 0 2 6] ^—}f^)V^S 1 ©^gfJsH— K 2 1 0=S 
ifrofiJPf 2 5 tm^T^ RJgOiiLS J; t) t>^q^fent/h 

Rl3aS^nx*5»3. fiiS^feTt 's 5 0gilS«m-^;i^ 
^^5 2<DtR;5J;t)t>/J\$<g9:;t$nxti'5, JgXds^l'^^ 
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[0 0 2 71 0l*3d;U:|a2fC^$nTViSJ:5fc, g 
ft 2 ©SJSRBWTes c «21 0 *a i; gfif ^ ir i ^ Tfi5^ S 

(0 0 2 8] igi;fe±tXH2fc^Stixi'i«J;5C, ffi 
^*:2 FH!0|tffflI{S:^trtt!|?- h 2 1 fcif LT'^XAWgg 

SB6 0ttD-^'U-74'5='aX-:^6 1 

«?> D— :S"J~Ti^f=^ax— i'e ie±iii{csesn?t 

IS— UX77i?5=^3.X— i'e 2S'7jc5p®fi3-rilIfe$1i:5 
J:3fc«5^SnTti5. ^— »JxT7'i'5=-a.X— ^ 6 2 
0±ffifctt^-UX7'Z::75^iX-:5'6 3*tgftB3nT 
S-'JX774'5^iX-^' 6 2«|S=i;^rTi? 
^^a.x-^' 6 3 S*^F^3»$"er« C^^StlTfc* 

4*«ga!{a$nTiJ0. ^-u-rri^^a.x-iS'e stt 

JBS# 6 4 tf4C7X/NW*T*» &3£i#T-5\y -f — tf 6 5 

snT*¥^::^li^^)^•f^t^nT^^5. i^xA^ffife^ae 0 
«2lt)4ai;a«fr«J:oT«i«lS$n>txU">?-^ 6 6 tcj; 

[0 0 2 9] ^tfe. El*J:r;t02i;:^SnTti5J;p 
fC. S^*s2f^©^aJK::felJ«fe<B!lSi-tti7ij->x7^ 

rt©**S5tC*5tt$£a!lSOtctt;4?-f 2 1 ii^mizm 

[0 0 3 0] igi^J;Dt02fC^3nTVi'5=fc5(C. 

W&^# 2 tCML/TJ»A3lBair-5fc8&cr)^>XAil8A«im 
□ 7*tBiS$nT^D. -i^xAiSAilSUJPTfrtt^l^y K 

HP2Sfee-rsswa#8 at. «sf^8ac«iasnfc 

y H P ® x-JW^ y ^ ^'-;U^-V V f^^W^ 8 b 
CJ:oT^^i!^l•r«;l^:^:J:D^ sKy I«P©C;xaH1LA 



[0 0 3 1] H*-7':h8®®iE-&8 aCD^flgfeJ; 

HXt— 5? 9 B*^«iaff 8 a K-€-n-Fn 

(RGV) . S^«feB^#.%Ai»S'* (AGV) . mSi 
WSa##*AilBji^* (PGV) «] fCioTfitite 

[0 0 3 2) BI^U;5:l>*t, -myYit—y-y^Oi 

Xx-i?9B©±:^{C«:J^>;/ ^•^-r:^8a:^-J^«y H 
— i?9A:6^i:^S-3j?5; K7,7^-5;'9BteDiB]Tf5}« 

[0 0 3 3] ^limoJ^SSKiJViTtt. Mft2j*g®i?x 

A^iRssae o©M-)!Sf:tt^7XAWsr>x/\fiif#;a5 o 

XtJ?.. r>XA3iSBailB7 0«K6fc^SnTVi5'i7X 
Af?j5i-&#7 l<£rr>XASaSS6 0(©>;/-C— !f6 5 0 
ft«ira»S (*^J80JgSIIC*5V»Ttt, Eg) ^ttflf 

^T*if3. S-gs^c^xA^**-^!^? i©|«ii?ga±T0D^;/ 

-1f 6 5 . 6 5 aifmitn.t>*> sn- h 2 1 ©±T©ff- 

[0 0 3 4] 0 6{C:^StlTVi5.fcdfC, -|g<!!)f>XA 
??*»1i-1&7 1 h 7 2^ilgf^T*5 0 V 

U- f» 7 2 \t.im\Z.-^^iXX\^^, l>- h 7 2" 

o±ifii{c*5tj«iBaa«{imbx>\^i*A 5 0 *3?i?t--5 

nfcra't'PJOitgtt, ^XJ\iSm^ 5 0 O^gJ: •? ^b/h 
^<^y-f— tf6 5CD4gJ;«3*,:^$<2a;t$nTtri*. ^ 

&*®3&ittr;^7 3 ©iS^tt-i^xAfiijf AS 0 

-h 7 2co±eS{c::fe{ts+Bgist:«':7XAw^T7!i^^,5g 

S-±lf§^*0%±tr>7 4*<1g©:* (:i<i:;?as®J&Slli 

^t^Tfi^jft) . niL-n±.\ziii\,\x^-^mz^mik\zu 

0: 0 t>/hS < C^xAWCOiaSJ: 0 aSft^nxt^ 
«. ffi»*0^±tf>7 4©iS$l4C7XAWS7K¥lc3? 

Jte >7 3iD%iS<iS3£SnTV>-5. 
[0 0 3 5] nJna^J^KlC^S/tyf'^CI^aiag^® 

[0 0 3 6] 'jxywv^czxAffij^fls onias (b) 



(6) 
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[0 0 3 7] :/a-tx?a->^ 1 1 opimam^'s i ? 

pHlgUAth-^Jr 3 2<D&t-:J'{?53 2 a~3 2 eKJjoT 
Ati, 1250 1;- 135 o-C) Kiraia^tis. 

IS» h— :5'3 2CDS-t— i'fifS 2 a — S 2 e055[|KS5CDllD 

3'flB3 2 a~3 2 e©iD5aJcj:-5yn-t;^^a.— 1 1 
®rtSP03efiSer)±»jagt#t~^'Sl5 3 2 a~3 2 e® 

j!f 3 5 CD-S-^m^SfgS 3 5 a ~ 3 5 e ©ffjJIIJJS^tS-:? < 

[0 0 3 8] a±OSSlSgffllfcJ;«$ft«!lS35i|gjSasnT 

. »alaJ5<pM3>.h.P-^.3 3(0'>—ir>xmmiZ^r>T. 

f?±'$k^.tti>iZ, ?!&i^X7 4 0*t?&aixraK}4 1 
, ^oSJl^iis. -tht)-^ V ?&^X7 4 0 a)^i^4 2 

SttS&^nStifelC, i;^0 4 3*^C.SfS[g54 4tJ; 

ii»4 isiejirsiijjj::/a-it;^?^a~yi io7'>^ 

[0 0 3 9] Et±©J:5fCUTyairX5^a.-yi lo 

mmt^t. ->-;i/^^'y7'2 O^^TI^SnTjl^Pl 5 
*teaP2n«i:i:t)t. «V«aF*©'i;x/\Wgf;5S'i7XX\ 
fiSJ#A5 0 Stn-UT^- h 2 1 izum-^ixftvtm-c^a 
1 5 75i57'P-t:Xf'a-':ri lO^I-aJJCtRHi (7>D- 

[0 0 4 0] td^T, Sifj^L.;^*^!;. "^XAW©^ 
Ss*t^l>j&aH^f■cs^■J■&nT^»«^8^K^d:, 1 2 5 ot: 



[0 0 4 1] L*^^. Sls^eMcDJgggtCiJtiTta, C7XA 
W(0Satt^?xA«^:R5 0 {CJ:-p-c±Mt*3(r>T3t}* 
SnSJltKJ:!?. t>XAWlCHlSfi'f0«iJ«r«|2 5;5»6 

^<om!s^izxi^\mi^:f]'^&m.mtif>'ii&u-^n. 'yx/\ 

[0 0 4 2] Sfe. ':^XAW*tM<b->iJzi>SJOD?g-dN 
iSO^!«tS:#Kf;KJLT, r^XAWcDMF^te^feitafflJf 

*;W^'5 l*f5XAWS^j#LTVJSc:itJ:l5v 
a;#ia^K::teUTtt. C'XAWtt^l.Sai^i&iaSoT'^ 

•>X/\Wtt^1.|feaJ&»e»?&AT>:7XAW(D(|J-L>f$J; D fejg 

[0 0431 S S C, ^X/Sffi}?.^ 5 0 ^mktTiS^" 
*;i/^^5 l;fe±tX|g-:}t;|/i5^5 2k:«a5-X'Jy h S 3 

* j:ac^-x u V h 5 4 a^^n^timwt^ixxi^^ z. t 

;^ U y h 5 4 J;oT^::&(i5]0#D:^^7S:tt{c}iiiA. Sti; ; 
sfcib, fx/Nfiijffts oa^ico^j^si^iht-'artW 
T^, !>XAW©'>XAffij#A5 oi:©)?^K»c:J; 
^9\^)^^ti^&^f5t}%iS:mr^;it\z^o, >^xaw 

[0 0 4 4] ^-XUy N 5 34SiJ;tX^-ir;?.ij 

y H 5 4 <DB3 UiKitt 2 ~ 5 mmf^ga^S nxv »afcJi>. 
U y h 5 3 ajtZJ^M—T. U y h 5 4 *tC;xAWt 

:o 0 4 5] tiis. "I^X/N^ftitft 5 0 C95t?- h 2 1 '^CD 
^^ttSSJCfeV^T. SB— X >J y h 5 3 ODffilSttJp- h 2 

1 oum'S^it 2 4-rntfc^,^&m'* 2 5 <n^s^mi-fxis 

4aKJ:H*«., Jf^— h2 1®D&ffl!l ("^x^NWOlBLAn 
«I) fcESf-Sdtj&JIgSLU. ®---*f:;l.^5 1 

tjg^;J^;i/y5 2<!:*«Sta^fcSftfettsgfc^ViT, ^ 
-X U S 5 3 t^XX U <y h 5 4 t^StWCS-g-^-a- 

[0 0 4 61 ClCTf. "^XAiS^SS OtD^X^^U^'S 
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iiSJ&TT«$feft; L J; 3 1;:^^}^ L T L S :5 Pjgg 

[0 0 4 7] 5^U3>!!SCt>e7XAWA«^{ti' 

;U:J^s 1 C3cJ?FSnTti-5fe56. 'i'XAW*tjKffc;'>un 

Co 0 4 83 So T. m-irxg^a.-:?' 1 l<o^H$teJ8 

ai^^nfcjH— h 2 1 (^9!}M^^Oxj\mt.^j:./\^i^^ 

tti-fz.*,. C'XA^^Sfis ooy-f —y's 5j5«3K 
- s 2 1 ©C7XAfiii#A5 0 oT:&^^^fA^t^. j^^^ 

T, ^^-h#$n-C'i'X/.\^J#^-5.0.Sr*&Ui^«.^ti 
Tv if 6 5««ii^tvr'C7XAWSe'XAffi»Ji 

5 0 i:-*S-(::#- K2 i ^veijj^-ra. " 

[0 0 4 9] 0 6 (a) C^Snxi'^-^i^tC. rl^XA 

r>xA-;sfflage 7 o©C7XAS*i>-e-i^7 i o±.\zM^Wi-^ 

tit:.mz-fn-^nx. 0 6 (b) fc5^snTV>5J:5 
(C. -^XA-KitAS 0;feJ;Dt'>XAWi&';>XAj?A>1i-# 

7 1 ©±c^®-r«.. r;ab-&, y-c — ye sttst^e 
5 0 ^s&2^<D^jf t:> 7 3 ojtJcsJtser. 

^±l^> 7 4KSttJSI*nfc'>X/\Wtt, 3^»t>7 3 
fcStt^$n*:«:'XA«M#A 5 0 J; t) feiS < ^^±^f ^ 

ns^*. -^^xA^j^As o*^6f?*i^cnfc*ejg{r^ 

a. C'XAW;feJ;t^<JXAfiiJ*^5 0i£r:7XA??:{p^#ia> 
7 1 \ZUmi,tcV^~^f6 S\i^3i/\1^m.&^S OfcJ; 

[0 0 5 0] -^^jssnrcy-/— »f6 sne^x/N^m 

see 0»:j:'5TC7x/Nffij^a5 OflD/StScDiJ-j^tti^ 
sn^^tscXntfitsnT, <>xA^-A>-a-i5r 7 1 o-^x 
Awi-^xAffii^^as 0 twBgcWAsn^, fefetix. 
^^-f — tfe stt'^xA^msae oic<j;^T«^±j?.s 

laTc:7XAW?£Sl|±t:>7 4CD±*^6»l,»ffi<&. OXJS 



LTr^x/N^ifeiifae ot-j;^Ti^sn5. 

[0 0 5 1] £t±<Dj;5{CL'T';?XAWSr>XA^;«)^-& 

ofiSic-^xA^iffigsae o»c<k-pTS;fi&sn. #3/h- 

*-7':h8<D5tia#8 aO±ICi|Ka^tiyS:^CD:i^y HP 
K-^XAWS^AUT^iffi-rS. Ht^UTtf^iid^ 
*5!Ojg3n<&;ia:lci»3, h 2 1 Offla»*^7XA 
WP*ts}«,y h*:4--':/:h8 0;nu' HPtiK^SnTff <. 

[0 0 5 2] mmnM<f>j^®.\zi:n\t, yxo^msktm^ 

[0 0 5 3]!) Rjg>j >ifmmzj&amn1t'>:c./\^ 

i^^i,z^oX't7x/\'&:^n UT.mia-r s ziiiz^f). 

C 0 0 5 4 ] 2) mitzy^JzJ -*;i/:J^{cfffia$ 

't^m^-(:$>-:>'z^'y:i./\mmz^i.-f^&m»^<^i^~ 

[0 0 5 5] 3) ;B-*;U4^*J:C^^-3f:;u5'(c5f5-x 

u 5/ N *3cfcat?(s_^x g -y i> s:^n^'tiBBjars c t c j: 

[0 0 5 6] 4) ^-XU -;/ hi5J:t;:^-xij.y h®g| 
□ te$2~5mmCS!:3frscttJ;0. C^XACDfflS 

A CD 7 x-;KDaia4^i51 0^?-<flT*?±«:fct>fc o T%-tC 
[0 0 5 71 5) S3S3BO^-7}%;i.^^egi{b^"J 3 >SS 

[0 0 5 8] 6) ^3iJ\^'G^U<0^-iti)Vy^irL'C 

m.-t^z.t\zts.:btz^. ifiwm'(Si<j>mm\z^^^m)&i] 

*<tCKS0O$g^i£B*lh-r-5c:i;&iT€f. C^XA 
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CO 0 5 9] 7) 3l-*;i.4^*JJ:t;:^-j^;i.:S':^pj}gij 

CO 0 6 0] 2|=ifi!?9ertfffiiiifeojg9ifcis«^n 
UT®jgr5 KIR'S r, v'U3>£ffifflLTSaauT*> 

CO 0 6 2] C7XA(»'>x/\ffiJf^fC5fc*-r«SBl:&ffii: 
1fK.J;oT^t>lc§:&j£5:^ffl-r-5friEe.r, >i7iA5 

±;&*> ^M'iSi^rz.\m%% t j: ^ tks l Tfiiif r -sp^ 

&:iJ?-hfcSS«bfc^S©4^i58T, -^XA^r^x/N^^i^ 
^, "^^xAfiR^pMUjJf-hfcgstfeSiJKij&^Jii 
Co 0 6 3] ^iQsarx— jwiastcs&r. M-fhiais 

mzs *58Mwi 2 0 ot:K±©iSaTT«tt^^te- • 

Co 0 6 4] MfflSSfettOXAtclSS-r. K'^Xi' 
CO 0 6 5] ny^^mj^-i-^^:; hO^-JVB 

CO 0 6 6] 

CSIifiO)3f^;9:3i§q] 



cs 1 J ^^^<^-mm(Df&tSi-r^^ifis/^y^^m9s>m 

C03] ■?-O7'Di:;^-9i3.-'r©g5»*3triEiSrfiS0 

Ca5] ■^XA'ffii^:RS:5?bTi5 0. (a) tt^^^^^ 
Ef, (b) tt-38*l?WfiEBff0, (c) fSiSfBcDffi^ffffi 

CS6] Cx/\«iltt^e<^C7XA^*^-ii-^^^f 

(a) tt??*^iirfl9$^L,' (b) itm^i^mi 

C?5F^03lHJ] 

ass o\ y •s^^jgjj? .y s ^7 * -^I'jgfSi^asiB) , 

3-iti—hX.U^~^^ 4-i7 ij->ixy 
h, S-r^XAXhy*. r-'-JJiAJKAffitBU. 8- 

— 1 l-:/DHrX5^*-7'. i 2-'T>:f-5^i- 

1 a-rc^i'f^a— i5-<p 

J^. 1 9-;?fX«AS'. 2 0->'-;P4^^.yy, 2 1- 
2 2, 2 3-jSS«, 2 4-«j^gl{#, 2 5-« 
2 6-WimS^-Jl=^^yZf?£, 2 7 -SlrlSl*J, 3 
0-^«i. 3 1-rf^jbA-. 3 2-t-:^. 3 2a~ 
3 2e-t-:S'^K. 3 3-tttS3>hn-5, 3 4 a-- 

3 4 e ... t-rJ-Sft^M, 3 5-*;^^r- 35 
a-S 5 e-^«M«5, 4 0-JftjaiXTs 4 1 -y^Jix 
7a?&. 4 2-^Sce'. 4 3-g?$CP, 4 4-#f^lSS, 

4 5-m-y>A, 4 6-*:?&^i?x-^'. 4 7-^= 
4^>A. 4 8-p^D7. 5 0-':7xyNfiJj^^. 5 

5 2 ...^:::sK;l.^f, 5 3-31— 7: 'J y h. 5 
^}yh. 5 5 •••^a^j6:7t. 5 6 -iiS^tb 
Sie. 6 0-<>XA^iiS6a. 6 
3.1.-9. 6 2-m-UX7'7^5^aX-^'. 6 3-?g 
^Ux7Ti75^iX-^, 6 4-^S!)i^. 6 5-';/-f~ 
if, 6 6-X^^-^', 7 O-r^XA^JK-gja. 7 1- 

>v 7 4-5?±if>, 
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